The present invention relates to a suspension for sup porting a mass body on a support base via a parallel combination of a spring means and a shock absorber, and more particularly to a control of such a suspension with certain variations of the damping coefficient of the shock absorber.
Description of the Prior Art
A suspension for supporting a mass body on a support base via a parallel combination of a spring means and a shock absorber is common in the art of automobiles, wherein a mass body comprised of a vehicle body and a passenger or passengers is supported on a plurality of vehicle wheels via a plurality of suspension mechanisms each including a parallel combination of a suspension spring and a shock absorber, so that each parallel com bination of the spring and the shock absorber bears a share of the total mass of the vehicle body and the passenger or passengers to support it on a correspond ing vehicle wheel. FIG. 13 illustrates schematically such a dynamic system, wherein a mass body 100 having a mass M is supported on a support base 110 via a suspension com prising a parallel combination of a spring 130 having a spring coefficient K and a shock absorber 120 having a damping coefficient C. As is well known in the art, expressing the absolute displacements of the support base 110 and the mass body 100 in reference to a certain absolute ordinate by X and Z, respectively, thereby also expressing the relative displacement of the mass body 100 in reference to the support base 110 by Y, the dy namic motion of the dynamic system is expressed as follows:
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(1) -C(2 -) -K(Z -X) 14. According to the above-mentioned sky hook damper theory, the damping coefficient of the shock absorber is controlled to make the product C*.Z/Y to be equiva lent to the damping coefficient C of the conventional shock absorber.
However, when the damping coefficient of the shock absorber is variably controlled, the shock absorber will be able to operate more effectively not only so as to dampen the oscillation of a mass body such as a vehicle body according to the above-mentioned sky hook damper theory but also so as more properly to meet with the irregularity conditions of the road surface which require a soft damper, i.e. a relatively low damp ing coefficient at times but require a hard damper, i.e. a relatively high damping coefficient at other times.
SUMMARY OF THE INVENTION
Therefore, it is a first object of the present invention to provide a suspension control system for a suspension, wherein the damping coefficient is variably controlled not only so as to accomplish the sky hook damper the ory but also for more desirably adapting the shock ab sorber to the irregularity conditions of the road surface.
In this connection, when the damping coefficient is variably controlled, if the control operation is carried out too often while a vehicle is running on a road sur face having relatively short-pitched up and down irreg ularities, such too often changes of the damping coeffi cient will damage the riding comfortability of the vehi cle, whereas if the control operation is carried out too seldom while the vehicle is running on a road surface having relatively long-pitched up and down irregular ities, oscillations of the vehicle body, particularly the pitching and the heaving, will not be effectively sup pressed.
Therefore, in view of these, it is a second object of the present invention to provide a suspension control sys tem for a suspension, wherein the frequency of control of the damping coefficient is variably controlled to meet with the irregularity conditions of the road surface.
According to the present invention, the above-men tioned first or second object is accomplished by a sus pension control system for a suspension for supporting a mass body on a support base via a parallel combination of a shock absorber having a variable damping coeffici ent and a spring means, comprising: a means for obtaining absolute velocity (2) of said mass body along a moving path of expansion and con traction of said shock absorber; a means for obtaining relative velocity (Y) of said mass body in reference to said support base along said moving path; a means for obtaining acceleration of said mass body along said moving path; and a means for controlling a damping coefficient of said shock absorber according to a ratio (Z/Y) of said abso lute velocity to said relative velocity with cyclic read justment thereof so that at least either said damping coefficient is greater relative to said ratio when said acceleration is rich in low frequency components or a frequency of said cyclic readjustment is lower when said acceleration is rich in high frequency components.
The damping coefficient may be controlled to be greater relative to said ratio when said acceleration is not rich in high frequency components.
The damping coefficient may be controlled to be between a damping coefficient for said acceleration being rich in low frequency components and not rich in high frequency components and a damping coefficient for said acceleration being not rich in low frequency components and rich in high frequency components when said acceleration is rich in both low and high frequency components.
The damping coefficient may be controlled to be between a damping coefficient for said acceleration being rich in low frequency components and not rich in high frequency components and a damping coefficient for said acceleration being not rich in low frequency components and rich in high frequency components when said acceleration is not rich in both low and high frequency components.
The frequency of said cyclic readjustment of the damping coefficient may be controlled to be even lower when said acceleration is not rich in low frequency components.
The frequency of said cyclic readjustment of the damping coefficient may be controlled to be between a frequency for said acceleration being rich in high fre quency components and not rich in low frequency com ponents and a frequency for said acceleration being not rich in high frequency components and rich in low frequency components when said acceleration is rich in both high and low frequency components.
The frequency of said cyclic readjustment of the damping coefficient may be controlled to be between a frequency for said acceleration being rich in high fre quency components and not rich in low frequency con ponents and a frequency for said acceleration being not rich in high frequency components and rich in low frequency components when said acceleration is not rich in both low and high frequency components.
It may be determined that said acceleration is rich in low frequency components when a signal bearing said acceleration is filtered through a low pass filter and a magnitude of the filtered signal is equal to or greater than a predetermined value at or more than a predeter ing said acceleration is filtered through a high pass filter and a magnitude of the filtered signal is equal to or greater than a predetermined value at or more than a predetermined number of times of a predetermined Description of the Preferred Embodiment In the following the present invention will be de scribed in more detail with respect to an embodiment with reference to the accompanying drawing.
Referring to FIG. 1 showing a suspension of a vehicle incorporating an embodiment of the suspension control system according to the present invention, the suspen sion comprises a shock absorber 10 having a piston member 12 and a cylinder member 14 and an air spring 8 including a cup member 6 and a diaphragm member 4 providing an air spring chamber 2. The upper end of the piston member 12 and the cup member 6 are pivotably mounted to a part of a vehicle body designated by B, whereas a movable end of the diaphragm member 4 is mounted to the upper end of the cylinder member 14 which is connected to a vehicle wheel W at the lower end thereof, so that the shock absorber 10 and the air spring 8 are mounted in parallel between the vehicle body and the vehicle wheel.
According to the present invention, the damping coefficient of the shock absorber 10 is controlled by an actuator 16 to be substantially proportional to a product of a basic damping coefficient C and a ratio Z/Y under and vertical exciting force F, or acceleration 2 of the vehicle body, received from a means 24, as described in detail hereinbelow. In this connection, shock absorbers or dampers having a variable damping coefficient are known in various constructions. The above-mentioned Japanese publications also show a detailed construction of such a variable damper. Therefore, further detailed descriptions of the construction of the shock absorber 10 will be omitted, except that the damping coefficient of the shock absorber 10 is controlled to vary by the Then, in step 30, the lateral acceleration Gx and the longitudinal acceleration Gy are differentiated on time base, and according to the change rate Gx and Gy, a gain factor Kr for the rolling and a gain factor Kp for the pitching are obtained according to maps such as shown in FIGS. 5 and 6, respectively. In these maps, the minimum values Kro and Kpo may be equal to or greater than 1. Alternatively, the gain factors Kr and Kp may be changed according to the lateral accelera tion Gx, or steering rate, and the longitudinal accelera tion Gy, respectively.
Then, in step 40, the absolute velocities of the vehicle body at the respective vehicle wheels are reconstructed from the roll, pitch, heave and warp velocities with a modification of reflecting the magnitudes of the lateral and longitudinal accelerations thereon according to the following equations: 5,324,069 7 Kh and Kw are gain factors for the heaving and the warping, respectively, and may be of a value of 1, re spectively. .
In step 50, Yi are modified to Y'i according to a sub routine described in detail with reference to FIG. 7, in order to avoid that a division by zero occurs in the calculation of the ratio of Zi/Y'i.
In step 70, ratio Z'i/Y'i is calculated.
In step 80, the vertical acceleration of the vehicle body Zi read in in step 10 is processed by a low pass filter and a high pass filter having such filtering charac teristics as shown in FIGS. 8 and 9, respectively. The low pass filter presents a steeply decreasing pass ratio for signals bearing frequencies higher than 2-3 Hz as shown in FIG. 8 Each count number is stored in the memory so that the count numbers in the latest certain cycles such as eight cycles, are always maintained, by replacing the oldest count by a newest count each time when it is obtained, and the sum of the outstanding counts is calculated to provide a high frequency count number Nhi. In step 100, it is tested if a cycle count number N for counting the cycles has reached Nc, and if the answer is "yes", the control process proceeds to step 110, whereas if the answer is "no", the control process pro ceeds to step 210.
In step 110, the cycle count number N is reset to zero, and in step 120, the low frequency count number Nii and the high frequency count number Nhi are renewed by the newest data.
In step 130, a flag F is set to 1 to show that the cycle count has once attained Nc, and Nili and Nhi have once been renewed.
In step 140, it is tested if Nili (i=1, 2, 3 or 4) is equal to or greater than a predetermined positive threshold value Np, and if the answer is "yes', the control process proceeds to step 150, where it is tested if Nhi is equal to or greater than a predetermined positive threshold value Ng, and if the answer is "no", the control process proceeds to step 160, whereas if the answer is "yes", the control process proceeds to step 170.
On the other hand, if the answer in step 140 is "no", the control process proceeds to step 180, where it is tested if Nhi is equal to or greater than Nq, and if the answer is "yes", the control process proceeds to step 190, whereas if the answer is "no", the control process proceeds to step 200.
Thus, according to whether Nili is equal to or greater than Np or not and whether Nhi is equal to or greater than Nc or not, the road surface condition is discrimi In step 160, i.e. when the vertical acceleration of the vehicle body or the vertical exciting force applied to the vehicle body is rich in low frequency components and not rich in high frequency components, the damping coefficient C'i of the corresponding shock absorber is adjusted to provide a performance shown by Ca' in   FIG. 10 , so that a relatively high damping coefficient Ci=Ca"i-Z'i/Y'i is applied to the corresponding shock absorber so as thereby to adapt the shock absorber to relatively long-pitched up and down irregularities of the road surface which would cause a low speed strok ing of the shock absorber and therefore require a rela tively high damping coefficient in order to effectively suppress the rolling, pitching, heaving and/or warping of the vehicle body.
In step 190, i.e. when the vertical acceleration of the vehicle body or the vertical exciting force applied to the vehicle body is rich in high frequency components and not rich in low frequency components, the damping coefficient C'i of the corresponding shock absorber is adjusted to provide a performance shown by Cb" in FIG. 10, so that a relatively low damping coefficient Ci=Cbi-Z'i/Y'i is applied to the corresponding shock absorber so as thereby to adapt the shock absorber to relatively short-pitched up and down irregularities of the road surface which would cause a high speed strok ing of the shock absorber and therefore require that the damp coefficient is relatively low, because otherwise the up and down vibrations of the vehicle wheel would be almost directly transmitted to the vehicle body.
In step 170, i.e. when the vertical acceleration of the vehicle body or the vertical exciting force applied to the vehicle body is rich in both high and low frequency components, the damping coefficient C'i of the corre sponding shock absorber is adjusted to provide a such a medium performance as shown by CC" in FIG. 10, so that a certain medium damping coefficient Ci=Coi.Z-'i/Y'i is applied to the corresponding shock absorber in compromise with both low and high frequency vertical exciting forces.
In step 200, i.e. when the vertical acceleration of the vehicle body or the vertical exciting force applied to the vehicle body is not rich in both high and low frequency components, the control of the damping coefficient is less critical, but it will be desirable that the damping coefficient C'i of the corresponding shock absorber is also adjusted to provide such a medium performance as shown by Cd" in FIG. 10 , so that a medium damang coefficient Ci=Cd'i-Zi/Y'i is applied to the corre sponding shock absorber so as thereby to adapt the shock absorber for both long and short-pitched up and down irregularities of the road surface.
Calculations such as Ci=Cji-Zi/Y'i (j=a, b, c ord) are carried out in step 230, and control signals for the actuators 16i are output in step 240.
In step 250, the suffix i is incremented by one, and in step 260, it is tested if i is equal to 5. If the answer is "no', i.e. if the one cycle control has not yet been ef fected for all of the shock absorbers of the four vehicle wheels, the control process proceeds to step 280, where it is tested if the flag Fis 1, and if the answer is "yes" the control process is repeated from the step 140, using the same low and high frequency count numbers Nili and Nhi, until the answer in step 260 turns to "yes' after the one cycle control has been effected for all the four shock absorbers. 5,324,069 9 When the answer in step 260 has turned to "yes", the control process proceeds to step 270, and the suffix i is reset to 1, and the whole control procedure is repeated.
Until the cycle count number N, first attains Nc, or in other words, until a predetermined time lapses from the 5 start of the control upon the closing of the ignition switch, the control process proceeds from step 100 to step 210, and since the flag F still remains at the initial ized zero, the control process proceeds to step 220, where a provisional initial setting for Ci is carried out, 10 and then the control process proceeds to step 230. In this initial stage, the control process recycles through the steps 230, 240,250, 260,280 and In step 51, it is tested if Yi is smaller than a predeter mined relatively small positive value e, and if the an-45 swer is "yes', the control process proceeds to step 52.
In step 52, it is tested if Yi is larger than a predeter mined relatively small negative value -e, and if the answer is "yes', the control process proceeds to step 53.
In step 53, it is tested if a flag Fyi is equal to 1, and if 50 the answer is 'no', the control process proceeds to step 54, where Yi is set to e, whereas if the answer in step 53 is "yes", the control process proceeds to step 55, where
Yi is set to -e.
When the answer in step 51 is "no", the control pro-55 cess proceeds to step 56, where it is tested if the flag Fyi is equal to zero, and if the answer is "no", the control process proceeds to step 57, where the flag Fyi is set to Zero. When the answer in step 52 is "no", the control pro-60 cess proceeds to step 58, where it is tested if the flag Fyi is equal to 1, and if the answer is "no", the flag Fyi is set to 1.
After the step 54, 55, 58 or 59, or 56 or 57, the control process proceeds to step 60, where the suffix i is incre-65 mented by one, and then the control process proceeds to step 61, where it is tested if i is equal to 5. If the answer is "no', the control process returns to step 51, so 10 as to repeat the above control processes until i attains 5, i.e. the control processes are effected for all of the four shock absorbers in the four wheel vehicle, and thereaf ter, in step 62 i is reset to l, before terminating this subroutine.
As will be appreciated from the flowchart of FIG. 7, when Yi has got so small as to be between +e and -e, including zero, Yi is modified to remaine or -e accord ing to its history whether it was larger than e or it was smaller than -e. According to this control, it is avoided that a division by zero occurs in step 70. Further, it is avoided that the value of Yi fluctuates too often be tween -le and -e even when it makes small changes around zero. number Mi (i=1, 2, 3 or 4) which operates as described hereinbelow is set to a relativey small value Ma, while in step 190 where the control reaches when the vertical acceleration of the vehicle body or the vertical exciting force applied to the vehicle body is not rich in low frequency components and rich in high frequency con ponents, a frequency number Mi is set to a relatively large value Mb. In step 170 where the control reaches when the vertical acceleration of the vehicle body or the vertical exciting force applied to the vehicle body is rich in both low and high frequency components, and in step 200 where the control reaches when the vertical acceleration of the vehicle body or the vertical exciting force applied to the vehicle body is not rich in both low and high frequency components, the frequency number Mi may be set to Mc and Md, respectively, both being generally larger than Ma but smaller than Mb.
After the frequency number Mi has been set to Ma, Mb, Mc or Md, in step 222 a cycle count number Ki, different from the cycle count number N, is incre mented by one, and in step 224 it is tested if Ki has reached Mi. If the answer of the testing is "yes', the control process proceeds to step 226, where Ki is reset to zero, and the control process proceeds to step 230, whereas if the answer in step 224 is "no", the control process by-passes steps 226, 230 and 240 so as directly to reach step 250, According to this embodiment, although the control process through steps 10 to 270 are repeated according to a predetermined cycle time with the periodical re view with regard to whether the vertical acceleration of the vehicle body or the vertical exciting force applied to the vehicle body is rich or not rich in low frequency components and rich or not rich in high frequency components every time when Nc cycles of control operation have been carried out, the actual control adjustment of the actuators 16i to be carried out in steps 230 and 240 is selectively skipped by the incorporation of steps 222 and 224, so that the actual control adjust ment of the actuators 16i is carried out only once during every Mi cycles of the repetitive control operations. Therefore, when the road surface has long-pitched up and down irregularities so that the vertical acceleration of the vehicle body or the vertical exciting force applied 5,324,069 11 to the vehicle body is rich in low frequency components and not rich in high frequency components, and there fore Mi is set to a relatively small Ma, the actual control adjustment of the actuators 16i for the shock absorbers is carried out at a relatively high frequency. Ma may be l, and in that case, the actual control adjustment of the actuators 16i is carried out at every control cycle. Such a high frequency control adjustment of the actuators 16i is desirable when the vehicle is running on a road sur face having relatively long-pitched up and down irregu larities in order to effectively suppress the pitching and heaving oscillations of the vehicle body.
On the other hand, when the road surface has short pitched up and down irregularities so that the vertical acceleration of the vehicle body or the vertical exciting force applied to the vehicle body is not rich in low frequency components and rich in high frequency com ponents, it is desirable that the control adjustment of the actuators is not so frequent in order to avoid too often change of the damping coefficient of the shock absorber which will damage the riding comfortability of the vehicle. Therefore, in this case Mi is set to a relatively large Mb, so that the actual control adjustment of the actuators 16i for the shock absorbers is carried out at a low frequency, by skipping the steps 230 and 240 more times during the control cycles.
When the vertical acceleration of the vehicle body or the vertical exciting force applied to the vehicle body is rich in both high and low frequency components, the frequency of the control adjustment of the damping coefficient should desirably be adjusted to a medium frequency in compromise with both low and high fre quency vertical exciting forces. Therefore, Mc may be of a magnitude between Ma and Mb. When the vertical acceleration of the vehicle body or the vertical exciting force applied to the vehicle body is not rich in both high and low frequency components, the control of the damping coefficient is less critical. However, it would be advantageous to set Md for this case to be generally of the same value as Mb, so as to be ready for any abrupt encounter with up and down irreg ularities.
In Although the invention has been described in detail in the above with respect to some preferred embodiments thereof, it will be apparent for those skilled in the art that various modifications and/or omissions are possible with respect to those embodiments within the scope of the present invention. cyclic readjustment thereof so that at least either said damping coefficient is greater relative to said ratio when said acceleration is rich in low fre quency components or a frequency of said cyclic readjustment is lower when said acceleration is rich in high frequency components. 2. A suspension control system according to claim 1, wherein said control means controls said damping coef. ficient to be even greater relative to said ratio when said acceleration is not rich in high frequency components.
3. A suspension control system according to claim 1, wherein said control means controls said damping coef ficient to be between a damping coefficient for said acceleration being rich in low frequency components and not rich in high frequency components and a damp ing coefficient for said acceleration being not rich in low frequency components and rich in high frequency components when said acceleration is rich in both low and high frequency components.
4. A suspension control system according to claim 1, wherein said control means controls said damping coef ficient to be between a damping coefficient for said acceleration being rich in low frequency components and not rich in high frequency components and a damp ing coefficient for said acceleration being not rich in low frequency components and rich in high frequency components when said acceleration is not rich in both low and high frequency components.
5. A suspension control system according to claim 1, wherein said control means controls said frequency of said cyclic readjustment of said damping coefficient to be even lower when said acceleration is not rich in low frequency components.
6. A suspension control system according to claim 1, wherein said control means controls said frequency of said cyclic readjustment of said damping coefficient to be between a frequency for said acceleration being rich in high frequency components and not rich in low fre quency components and a frequency for said accelera tion being not rich in high frequency components and rich in low frequency components when said accelera tion is rich in both high and low frequency components. 7. A suspension control system according to claim 1, wherein said control means controls said frequency of said cyclic readjustment of said damping coefficient to be between a frequency for said acceleration being rich in high frequency components and not rich in low fre quency components and a frequency for said accelera tion being not rich in high frequency components and rich in low frequency components when said accelera tion is not rich in both low and high frequency compo ents.
8. A suspension control system according to claim 1, wherein said control means determines that said accel eration is rich in low frequency components when a signal bearing said acceleration is filtered through a low pass filter and a magnitude of said filtered signal is equal to or greater than a predetermined value at or more than a predetermined number of times of a predeter mined number of successive cycle time points. 9. A suspension control system according to claim 1, wherein said control means determines that said accel eration is rich is high frequency components when a signal bearing said acceleration is filtered through a high pass filter and a magnitude of said filtered signal is equal to or greater than a predetermined value at or more than a predetermined number of times of a prede termined number of successive cycle time points. 
